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(54) Positive displacement pump 

(57) A positive displacement pump is provided 
which is high both In reliability and in durability t>eing 
durable in a continuous operation for a long period of 
time with the suction side of the pump temperature-con- 
trolled. In the positive displacement pump, rotors (21 . 
22) are accommodated in a pump housing (10) to form 
a plurality of operating chancers (31. 32), in such a 
manner that the operating chambers (31, 32) are 
increased on the suction side and deaeased on the dis- 
charge side. A temperature control system (40) for con- 
trolling the temperature (12) of the suction inlet (12) of 
the pump is provided. 
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Description 




BACKGROUND OF THE INVENTION 

This invention relates to positive displacement 
pumps, and more particularly to a positive displacement 
pump which is high in durability being operable continu- 
ously for a long period of time, and high in operating reli- 
ability. 

A root type, claw (phonetic) type, and screw type 
vacuum pumps are known as positive displacemem 
pumps, and especially as vacuum pumps in the art 
which are used for evacuation to obtain a low pressure 
work space. The positive displacement pump must be 
high in reliability and in durability, being durable in a 
continuous operation for a long period of time. 

A positive displacement pump of this type has been 
disclosed, for instance, by Japanese Patent Application 
(OPI) No. 65087/1986 (the term "OPI" as used herein 
means an "unexamined published application"). In the 
pump, a multi-male thread type rotor, and a multi-female 
type rotor (which is opposite in the direction of thread) 
are arranged in parallel with each other in a pump hous- 
ing, in such a manner that a plurality of shiftable spiral 
operating chambers are formed between the pump 
housing and the two rotors. When the two rotors are 
turned in the opposite directions, on the side of one end 
of the pump (as viewed in the direction of axis of the 
rotor) which corresponds to the shift start position, the 
volume communicated with the suction inlet increases, 
thus performing a gas suction. As a result, the opera- 
tions chambers having a predetermined volume which 
have achieved the gas suction are shifted one after 
another to the side of the other end as viewed in the 
direction of axis. On the other hand, on the side of the 
other end (as viewed in the direction of axis of the rotor) 
which corresponds to the shift end position, the volume 
which is communicated with discharge outiet 
decreases, so that the gas in the operating chambers is 
discharged. The vacuum pump is employed as a multi- 
stage pump in a semiconductor manufacturing appara- 
tus. In tills case, the pump must be high in reliability and 
in durability for a continuous operation for a long period 
of time discharging a reactive gas from the senfiiconduc- 
tor manufecturing apparatus. 

In tiie above-described positive displacement 
pump, the pressure of the fluid in the operating cham- 
bers increases on tiie discharge side. Hence, the dis- 
charge side becomes high in temperature, while the 
temperature of tiie gas suction side is not increased so 
much. Therefore, tiie pump suffers from tiie following 
difficulties: 

In a semiconductor manufacturing process: more 
spedfically. in a process of forming a film by CVD 
(chemical vapor deposition) for instance, several kinds 
of gases are supplied to a processing chamber to form 
the film by chemical reaction. When, during tiiis treat- 
ment, the reaction gases are discharged from tiie treat- 



ment chamber with the vaq^^nump. solid products 
stick and deposit on the sid^mw temperature of the 
vacuum pump; that is. on the suction side, which makes 
it difficult for ttie pump to operate satisfactorily That is. 

5 afthough the vacuum pump must be so high both in 
durability and in reliability to the extent that it Is operable 
for a long period of time such as for instance at least 
one year, it is necessary to overhaul the punp every 
several montiis. That is. the conventional vacuum pump 

10 is not high enough both in durability and in reliability. 

SUMMARY OF THE INVENTION 

In view of the foregoing, an object of tiie invention is 
15 to provide a positive replacement pump in which the 
temperature on the suction side of the pump is control- 
led to maintain tiie temperatures of the whole shift inter- 
val of tiie operating chambers at a value witii which solid 
materials are scarcely stuck tiiereto. thus being high in 
20 durability - durable in a long continuous operation • and 
high in reliability. 

The foregoing object of tiie invention has been 
achieved by tiie provision of a positive displacement 
pump comprising: 

25 

a pump housing having an internal chamber, and 
a suction inlet and a discharge outiet which are 
communicated witii the internal chamber; and 
rotors which are accommodated in the pump hous- 

30 ing. forming shiftable operating chambers with the 
pump housing, in such a manner tiiat tiie operating 
chambers are increased in volume in a shift interval 
which communicates with the suction inlet, and 
decreased in volume in a shift interval which com- 

35 municated with tiie discharge outlet; in which, 
according to the invention, a temperature control 
system for cohti^olling tiie temperature on the side 
of the suction inlet is provided. Hence, on tiie suc- 
tion side of the pump, the setting of temperature 

40 can be avoided so that, for instance, reaction gas 
ms^ stick solid products thereta 

The aforementioned temperature control system 
may be a system for heating the vicinity of tiie suction 

45 inlet. However, preferably it is a heat transmitting sys- 
tem which is provided for the pump housing and/or the 
rotors to transmit heat from tiie vicinity of tiie discharge 
outlet to the vicinity of the suction inlet. With this system, 
tiie heat which is produced by heat insulation compres- 

50 sion in the operating chambers on tiie discharge side 
(hereinafter referred to as "compression heat", when 
applicable) can be utilized; that is, it is unnecessary to 
supply energy from outside. 

In view of maintenance and reliability, tiie afbre- 

55 mentioned heat transmitting system is preferably pro- 
vided in tiie peripheral wall of tiie pump housing which 
surrounds the operating chambers. For instance, heat 
pipes may be buried in the pump housing, or the con- 
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vection or circulation paths of the fluid high in thermal 
conductivity are formed in the pump housing, to form 
the heat transmitting system with ease. Furthermore, 
the compression heat on the discharge side can be 
transmitted to the suction skJe with high efficiency. 

The aforementioned rotor may be made up of a 
male-threaded rotor and a female-threaded rotor which 
are arranged in parallel with each other and are adja- 
cent to each other, so that the fluid in the operating 
chambers is shifted in the direction of axis of the rotor. 
In this case, the heat transmitting system (heat pipes) 
may be employed which are extended in the direction of 
axis of the rotor. In the case where the aforementioned 
rotor is employed as a pump in which the operating 
chambers are shifted around the axis of rotation of the 
rotor as in the case of a root type pump or the like, the 
heat transmitting system may be employed as follows: 
That is. in the case where the pump is not a multi-state 
pump in which the pumps are juxtaposed in the direc- 
tion of axis of tiie rotor, the heat transmitting system 
which is extended in the direction of rotation of the rotor 
can be employed; and in the case where the aforemen- 
tioned multi-state pump is employed, tfie heat transmit- 
ting system which is extended in the direction of axis of 
the rotor may be employed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. lis a sectional front view showing the arrange- 
ment of an example of a positive displacement pump, 
which is a first embodiment of the invention. 

FIG. 2 is a sectional view taken along line A-A in 
FIG. 1. 

FIG. 3 is a sectional front view showing the arrange- 
ment of another example of the positive displacement 
pump, which Is a second embodiment of the Invention. 

FIG. 4 Is a sectional front view showing the arrange- 
ment of anotfier example of the positive displacement 
pump, which is a third embodiment of the invention. 

FIG. 5 is a sectional front view showing the arrange- 
ment of another example of the positive displacement 
pump, which Is a fourth embodiment of the invention. 

FIG. 6 is a sectional view taken along line B-B in 
FIG. 5. 



DETAILED DESCRIPTION OF THE PREFERRED 

EMBQPIMENTS 

Prefen-ed embodiments of the invention will be 
desaibed with reference to the accompanying draw- 
ings. 

First EnU)odlment 

FIGS. 1 and 2 are diagrams showing an example of 
a positive displacement pump, which is a first embodi- 
ment of the invention. 

In FIGS. 1 and 2. reference numeral 10 designates 



a pump housing. The pump housing 10 includes an 
inner chamber 11. and a suction inlet 12 and a dis- 
charge outlet 13 which are communicated with ttie inner 
chant^er 11. The suction inlet 12 is connected to a 

5 chancer which is to form a film, for instance, by a CVD 
(chemical vapor deposition) method, to discharge gas 
out of the chanrtoer. 

Reference numerals 21 and 22 designate rotors 
which are accommodated in the pump housing 10 witii 

10 a predetermined clearance (for instance about 50 \Lm) 
between them. The rotor 21 is formed female-threaded, 
while the rotor 22 is formed male-threaded. Those 
rotors 21 and 22 are engaged with each other witii a 
predetermined engagement clearance. The rotors 21 

15 and 22 are set parallel to each other to the pump hous- 
ing 10 wftfi tine aid of bearings 26a. 26b. 27a and 27b, 
and between the pump housing 10 and the rotors 21 
and 22 a plurality of shiftable spiral operating chambers 

31 and 32 are formed. As the rotors 21 and 22 rotate 
20 around the axes of rotation which are in parallel witii 

each other, tfie operating chambers 31 and 32 are 
moved in the directions of axes of the rotors together 
with the fluid tiierein. When tiie rotors 21 and 22 rotate, 
tiie operating chambers 31 and 32 perform a suction 

25 action increasing ttie volume to a predetermined value 
in the interval of displacement, on the suction skje. 
which is communicated with the suction Inlet 12; and tiie 
displacement is effected with the constant volume in the 
intermediate interval which is not communicated with 

30 the suction inlet 12 nor the discharge outlet 13; arKl the 
discharge action is performed with the volume 
decreased in the interval of displacement, on the dis- 
charge skie, which is communicated with the discharge 
outlet 13. 

35 The pump according to the invention has a temper- 
ature cont-ol system for controlling the temperature dif- 
ference in a predetermined range which is between tiie 
operating chambiBrs 31 and 32 located on the side of 
ttie suction inlet 12 and the operating chambers 31 and 

40 32 located on the skie of the discharge outiet 13. The 
tenrperature control system 40 Is. for Instance, made up 
of a plurality of heat pipes 41 (a heat transmitting sys- 
tem) which are extended in the directions of axes of the 
rotors 21 and 22. Tliose heat pipes 41 are provkjed in at 

45 least one of the pump housing 10 and the rotors 21 and 
22 (for instance, in the peripheral wall 14 of the pump 
housing 10 sunrounding the operating chambers 31 and 

32 in this embodiment). The heat pipes thus provided 
are to transmit the heat from the vicinity of tiie discharge 

so outlet 13 of the pump housing to the vicinity of tiie suc- 
tion inlet 12. A predetermined liqukJ is poured into each 
of the heat pipes 4 the instdes of which are decreased 
in pressure (vacuumed). When heated, the liquid is 
vaporized at one end and is allowed to flow to the otiier 

55 end, where its heat is radiated to form ttie liquid. The liq- 
uid thus formed is returned to tiie one end by capillary 
action. 

Tiie positive displacement pump according to tiie 
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errtaodiment functiais as follows: When the rotors 21 
and 22 rotate, and. on the side of the discharge outlet 
13, the operating chambers are decreased in volume, 
the conpression heat (diabatic compression heat) of 
the fluid in the operating chambers 31 and 32 is pro- 5 
duced. so that the vicinity of the discharge outlet 13 
becomes high in temperature. Under this corKiition. the 
heat pipes 41 transmit the heat from the vicinity of the 
discharge outlet 13 of the pump housing 10 to the vicin- 
ity of the suction inlet 12; that is. while the vicinity of the w 
discharge outlet 13 is cooled, the vicinity of the suction 
inlet 12 Is heated, whereby the temperature difference 
between the side of the suction inlet 12 and the side of 
the discharge outlet 13 is decreased. 

Furthermore, in the above-described emlxxJiment. is 
in order that, for instance, the temperature reaches a 
value with which it is difficult for the reactive gas enter- 
ing the operating chambers 31 and 32 from the afore- 
mentioned low pressure chamber to form solid product 
(for instance, higher than 200"* even in the vicinity of the 20 
suction inlet 12); that is, in order to avoid a tenperature 
range (for instance, lower than 100**) with which solid 
product is liat)le to be formed in the operating chambers 
31 and 32, the temperature in the vicinity of the suction 
inlet 12 of the pump housing 10 is controlled high 25 
(higher than 150*). "This eliminates the difficulty accom- 
panying the prior art that solid product sticks and stacks 
in the pump housing whereby the operation must be 
stopped in several months. 

The temperature control system 40 is made up of 30 
the heat pipes 41 adapted to transmit the heat from the 
vicinity of the discharge outlet 13 to the vicinity of the 
suction inlet 12. Therefore, the compression heat on the 
side of the discharge outlet can be utilized, which 
makes it unnecessary to supply energy from outside. 3S 

Since the heat pipes 41 are buried In the peripheral 
wall of the pump housing 10 which sun-ounds the oper- 
ating chambers 31 and 32. the heat transmitting system 
high in efficiency can be formed with ease. New. sec- 
ond, third and fourth embodiments of the 40 

invention will be described in the other drawings, in 
which parts corresponding functionally to those already 
described with reference to the first embodiments are 
therefore designated by the same reference numerals 
or characters. That is, the parts of the second through 4S 
fourth emtxxfiments which are different from those of 
the first embodiment will be mainly described. 

so 

FIG. 3 is a diagram shewing the arrangement of 
another exanple of the positive displacement pump, 
which constitutes a second emtxxliment of the Inven- 
tion. 

In FIQ. 3, reference numeral 50 designates a pump ss 
housing in which a predetermined heat-circulating oper- 
ating fluid (or thermal conduction fluid) is sealingly filled. 
The pump housing 50 has a single or plural thermal 



conduction fluid chambers 51 (heat transmitting sys- 
tem) which are extended over at least a predetermined 
distance as viewed In the direction of axis of the rotor. 
The fluid 52 in the thermal conduction fluid chamber uti- 
lizes its convection or forcible circulation to moved the 
heat to the vicinity of the suction inlet 12 which is pro- 
duced by the heat-insulation compression in the por- 
tions of the operating chambers 31 and 32 which are 
located near the discharge outlet. Thus, the second 
embodiment has substantially the same effects as the 
above-described first embodiment. 

Third Embodiment 

FIG, 4 is a diagram showing the arrangement of 
another example of the positive displacement pump, 
which constitutes a third embodiment of the invention. 

In FIQ. 4. reference numeral 60 designates a pump 
housing. TTie latter 60 accommodates a heater 61 in 
such a manner that the latter 61 surrounds the operat- 
ing chambers 31 and 32 on the suction side, and a 
cooler 62 in such a manner that the latter 62 sunounds 
the operating chambers 31 and 32 on the discharge 
side. The heater 61 is. for instance, a nichrome wire 
heater or band heater, and is adapted to generate elec- 
trical heat. The cooler 62 is made up of radiating fins or 
cooling-solution circulating paths. The heater 61 func- 
tions as follows: When the temperature on the dis- 
charge side becomes excessively high, the cooler 62 is 
activated in response to a signal from a temperature 
sensor (not shown). 

As is apparent from the above description, with the 
heater 61 and the cooler 62 the temperature on the side 
of the suction Inlet 12 and the temperature on the side 
of the discharge outlet 13 can be maintained in prede- 
termined ranges, respectively Thus, the third embodi- 
ment has substantially tie same effects as the above- 
described enixxliments. 

The third emtxxiiment shown in FIG. 4 may be 
modified as follows: That is, the cooler 62 may be dis- 
pensed with, and the heater 61 on the suction side may 
be formed by winding a nichrome wire or band heater 
on the pump housing 60. 

Fourth Embodiment 

FIGS. 5 and 6 are diagrams showing another exam- 
ple of the positive displacement pump, which consti- 
tutes a fourth enrtbodiment of the invention. In the fourth 
6mk3odiment, the technical concept of the invention is 
applied to a root type pump which is fomned as a multi- 
stage pump. 

In FIGS. 5 and 6. reference numeral 70 designates 
a pump housing. The latter 70 includes an inner cham- 
ber 71, and a suction inlet 72 on one end and a dis- 
charge outlet 73 on the other side both of which are 
communicated with the chamber 71 . Reference numer- 
als 81 and 82 designate a pair of rotors which are 
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acxx)mmodated in the punp housing 70 in such a man- 
ner that they are adjacent to each other and are in par- 
allel with each other. The rotors 81 and 82 have a 
plurality of rotor sections 81a through 81 f and a plurality 
of rotor sections 82a through 82f, respectively, in con^e- 5 
spondence to the nuni^er of stages of the multi-stage 
punp, thus forming shifting operating -chambers with 
the punp housing 70 in correspondence to the nun^er 
of stages of the multi-stage pump. Hereinafter, the 
punp operating chamber of each stage will be 
described as an operating chamber 91 shown in FIG. 6. 
As shown in FIG. 6. the rotors 81 and 82 increase the 
volume of the operating chamber 91 in the shifting inter- 
val on the suction side which communicates with the 
side of the suction inlet 72, and then divide it into an 
operating chamber 91a on the side of the rotor 81 and 
an operating chamber 91b on the side of the rotor 82, 
and form those chanlbers into the operating chamber 
91 to reduce the volume thereof. The term "the side of 
the suction inlet 72" as used herein is intended to mean 
the suction inlet side of the pump stage which commu- 
nicates with the suction inlet 72 or the discharge outlet 
of the pump stage of the side of the suction inlet 72. and 
the term "the side of the discharge outlet 73 as used 
herein is intended to mean the discharge outlet side of 
the pump stage which communicates with the discharge 
outlet 73 or the suction inlet of the pump stage of the 
side of the discharge outlet 73. 

Inside the punp housing 70 (for instance, between 
the adjacent operating chambers 91 as viewed in the 
direction of axes of the rotors) a communication path is 
formed through which the discharge outlet of the front 
stage communicates with the suction inlet of the rear 
stage which is spaced 1 80" as viewed in the direction of 
rotation of the rotors. The plurality of rotor sections 81a 
through 81 f are gradually decreased in width from first 
ends of the rotor 81 and 82 towards the remaining sec- 
ond ends; that is, among the operating chambers 91 at 
the punp stage, the operating chambers 91 at the last 
stage nearest to the discharge outlet 73 is smallest in 
volume. 

In the fourth embodiment, the pump is a multi-stage 
pump. Hence, the fluid discharged from the discharge 
outiet of tiie front stage punp is sucked into the suction 
inlet of the rear stage pump which is spaced 180" as 
viewed in the direction of rotation of the rotors. Hence, in 
the direction of rotation of the rotors the punp is rela- 
tively unified in tenperature disb-ibution, and tiie tem- 
perature is gradually increased towards to the rear 
stage side as viewed in the direction of axis of the rotor; 
that is, the temperature is increased as the degree of 
compression of the internal fluid increases. In otiier 
words. In the multi-stage punp, tiie side of the dis- 
charge outiet 73 is high in temperature, while the side of 
the suction Inlet 72 is low in tenperature. Accordingly, 
the tenperature control system is provided which con- 
trols the temperature difference between tiie suction 
inlet 72 and the discharge outiet 73 in a predetermined 



range. That is. in order to transnrut the heat from tiie 
vicinity of the discharge outiet 73 to the vicinity of tiie 
suction inlet 72, a plurality of heat pipes 41 are an^anged 
parallel in the peripheral wall 75 of tiie pump housing 70 
which surround the operating chambers 91. 

If. in tiie case where the pump is such that tiie 
rotors shift the operating chambers around the axis of 
rotation, the pump is a multi-stage punp extended in 
tiie direction of axis of the rotors, then tiie heat transmit- 
ting system can be employed which are extended in the 
direction of axis of tiie rotors; however, the invention Is 
not limited ttiereto or tiiereby. In the case where tiie 
pump is not a multi-stage punp. a system for transmit- 
ting heat from tiie discharge side to the suction side 
which are spaced in tiie direction of rotation of the rotor 
may be enployed; for instance, heater pipes which are 
arcuately curved so as to extend in tiie direction of rota- 
tion of the rotors may be buried in the pump housing, or 
a circulation path for a fluid high in thermal conductivity 
is formed in tiie punp housing. Those system may be 
suitably combined with each other to effectively transmit 
tiie compression heat from the discharge side to the 
suction side. In addition, the temperature control system 
may be buried in tiie rotor side instead of tiie pump 
housing. 

Effect(s) of the Invention 

The positive displacement pump of tiie invention 
has the temperature control system for controlling the 
temperature of the operating chambers which are 
located on tiie side of tiie suction inlet. Therefore, heat 
can be suitably applied to tiie side of the suction inlet. 
As a result, on the suction side of tiie pump, tiie tenper- 
ature can be controlled to a value with which, for 
instance, it is difficult to form solid products from the 
reaction gas. 

Furthermore, in tiie case where tiie aforementioned 
tenperature conti"ol system is tiie heat transmitting sys- 
tem which is provided in the pump housing and/or tiie 
rotors to transmit heat from tiie vicinity of tiie cBscharge 
outiet to tiie vicinity of the suction Inlet, the compression 
heat on tiie discharge side is effectively utilized which 
makes it unnecessary to supply energy from outside. 

Moreover, in the case where the heat transmitting 
system is provided in the peripheral wall of the pump 
housing which surround the operating chamt)ers. the 
heat transmitting system is high both in maintenance 
and in reliability, and the compression heat on tiie dis- 
charge side can be transmitted to tiie suction side with 
high efficiency. 

Claims 

1 . A positive displacement pump comprising: 

a pump housing having an internal chamber, 
and a suction inlet and a discharge outiet com- 
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10 



municated with sakJ internal chamber; 
rotors, acconvnodated in said pump housing, 
for forming shiftable operating chambers in 
cooperation with said pump housing, and 
increasing volume of said operating chamt>ers 5 
in a shift interval which communicates with said 
suction inlet while decreasing volume of said 
operating chambers in a shift interval which 
communicated with said discharge outlet; and 
a temperature control system for controlling w 
temperature on a side of said suction inlet. 



2. A positive displacement pump as claimed in claim 
1, wherein said temperature control system is a 
heat transmitting system which is provided in at is 
least one of said pump housing and said rotors to 
transmit heat from the vicinity of said discharge out- 
let to the vicinity of said suction inlet. 



3. A positive displacement pump as claimed in claim 20 
2. wherein said heat transmitting system is pro- 
vided in a peripheral wall of said punp housing 
which sun-ounds said operating chancers. 



4. A positive displacement pump as claimed in daim 2S 
1. wherein said temperature control system 
includes a plurality of heat pipes in each of which a 
predetermined liquid and pressure-decreased gas 
are sealingly provided. 

30 

5. A positive displacement pump as claimed in claim 
1, wherein said temperature control system 
includes at least one thermal conduction fluid 
chamber In which heat-circulating fluid is sealingly 
filled. 35 



A positive displacement pump as claimed in claim 
1, wherein said temperature control system 
includes a cooler and a heater. 

40 



45 



so 
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